Pontine tegmental cap dysplasia (PTCD) is a rare condition that affects the brain stem and multiple cranial nerves, which can result in bilateral facial palsies, hearing loss, bilateral trigeminal nerve dysfunction, oculomotor apraxia, feeding difficulties, seizures, hypotonia, and undeveloped speech. We document a case in which a patient with PTCD presents with a challenging lip deformity and requires multidisciplinary treatment to improve reconstructive surgical success and treatment outcomes. An extensive literature review was conducted. This report serves to increase awareness of PTCD and the need for multidisciplinary teams to participate in reconstruction of facial defects in a complex medical setting.
A 19-month-old girl presented to our outpatient team clinic with a lower lip defect after falling and biting on the lower lip 3 weeks prior to her visit. At the time of injury, the lower lip had a through-and-through, puncture-type wound. This was initially treated conservatively; however, the wound continued to increase in size and severity. She was taken to the emergency room at an outside hospital where an attempt was made to close the wound with sutures without general anesthesia. One day following lip repair, the patient re-presented to the outside hospital with dehiscence; however, only conservative management was offered.
The family subsequently presented to our clinic 3 weeks later seeking a second opinion. The patient has a past medical history significant for pontine tegmental cap dysplasia (PTCD). She was diagnosed at 24 weeks' gestation and born at 36 weeks' gestation. Her birth history is also significant for her mother requiring in vitro fertilization with a donor egg. The patient has a remote history of seizures but has recently been asymptomatic. Diagnostic tests include a normal EEG. Past surgical history includes gastrostomy tube placement for poor suck and difficulty swallowing since birth. She does not eat orally. She is taking a multivitamin and ferrous sulfate and has no known drug allergies. She has no known family history of genetic disorders.
On examination, the patient presented with a central lower lip defect that measured approximately 40% of the lower lip involving the dry mucosa, the orbicularis oris muscle, and the buccal mucosa ( Figure 1 ). She had no signs of bleeding or infection and was nontender to palpation. Her craniofacial examination was positive for limited range of motion at the temporomandibular joint with a significant amount of drooling and secretion production. Additionally, her oral examination was positive for class II malocclusion. She also had findings of generalized hypotonia, decreased hearing of unknown extent, and undeveloped speech. Additionally, she had delayed motor activity and was unable to ambulate.
Procedure
Preoperative planning was performed and the cleft team's prosthodontist created an oral splint to prevent postoperative trauma to the lip repair. The patient was placed under general anesthesia using a nasal intubation technique. This would allow lip closure without putting tension on the repair with an orotracheal tube. Because of the patient's decreased range of motion at the temporomandibular joint and limited incisal opening, the left central incisor was traumatically extracted during the difficult intubation process.
Bilateral advancement flaps of the lower lips were performed (Figure 2 ). An oral stent was sutured to the mandibular alveolar margin at the beginning of the case to prevent the patient from biting down on the repair postoperatively.
The patient was kept intubated and transferred to the pediatric intensive care unit (PICU) to prevent postoperative biting and attempt to control secretions and excessive moisture along the site of the repair. A planned extubation was scheduled for postoperative day 2. In the immediate postextubation period, the patient began repetitive tongue thrusts along the lower lip repair, which resulted in partial dehiscence. She was taken back to the operating room on postoperative day 3 for revision and readvancement of the bilateral lower lip flaps. After this surgical encounter, the patient was kept intubated and lightly sedated for 1 week to allow the repair more time for healing.
The patient was extubated on postoperative day 7 and was discharged home in a stable fashion. Three weeks after the second surgery, she was taken to the operating room for suture removal under masked anesthesia (Figure 3 ). She was subsequently seen in follow-up and found to have some separation of the repair because of a combination of tongue thrusting motions, drooling, and biting down on the repair.
The decision was made to allow the wound to heal by secondary intention. To allow the incision to heal without continued trauma, the pediatric dental team performed extraction of the right central incisor and the mandibular central incisors, which continued to rub along the repair.
Over the following months, the lower lip wound continued to improve, the scar softened, and the patient continued to grow and improve from a developmental standpoint (Figure 4 ). Any further plans of surgical revision were delayed until further review of the patient's evolving medical and dental condition.
Discussion and Literature Review
A literature review of PTCD was performed to identify recent advances in diagnosis and treatment. PTCD was first reported in 4 unrelated patients by Barth et al. in 2007 . There was earlier mention of a similar disease process in case reports by Maeoka et al. in 1997 and Ouanounou et al. in 2005. Currently, there are approximately 29 cases of PTCD reported, affecting boys and girls equally (Harding et al., 2015; Jovanovic et al., 2015) . The incidence of PTCD is 1/1 000 000 (MalaCards, 2016) . The etiology of PTCD is unknown; and genetic testing is not available at this time. It is thought that embryonic defects in axonal growth and guidance result in loss of ventral pontine neurons, which lead to PTCD (Barth et al., 2007; Bacciu et al., 2010) . After extensive literature review, no documentation of the challenges encountered in facial reconstruction and the need for a multidisciplinary team approach, such as a cleft and craniofacial team, for patients with PTCD could be identified.
PTCD is a neurologic condition affecting the pons, medulla and cerebellum. Magnetic resonance imaging (MRI) is the gold standard and principal method by which PTCD is diagnosed. The main characteristics of this process, as seen on brain MRI, include flattening and hypoplasia of the ventral pons, "capping" of the dorsal pontine border into the fourth ventricle, and hypoplasia of the middle cerebellar peduncles and abnormal orientation of the superior peduncles (Barth et al., 2007) . The abnormal orientation of the superior peduncles can be seen to have a molar tooth-like appearance. Variable hypoplasia of the cranial nerves and the internal auditory meati are also visible (Razek et al., 2016) .
Recent advances in the field of fetal MRI make accurate prenatal diagnosis of PTCD a possibility. While there are no dedicated reports of fetal MRI and PTCD, Glenn et al. (2012) reported that fetal MR imaging has the highest sensitivity and specificity for cortical malformations, and Limperopoulos et al. (2008) showed that 60% of prenatal diagnosis of posterior fossa pathology on MRI was confirmed postnatally. Although ultrasonography remains the most common prenatal imaging modality, fetal MRI can provide additional diagnostic information especially in relation to central nervous system conditions, such as intracranial hemorrhage, ischemic brain injury, intracranial tumors and cysts, hydranencephaly, schizencephaly, severe hydrocephalus, and posterior fossa abnormalities (Putbrese and Kennedy, 2016; Sefidbakht et al., 2016) . Some limitations include fetal motion and gestational age (Putbrese and Kennedy, 2016) . Increased accuracy of fetal MRI is obtained when performed after 24 weeks' gestation when the fetal structures are larger (Glenn et al., 2012) . With advances in technology and the quality of imaging, more accurate prenatal diagnosis of PTCD will be possible.
Changes in the brain stem and multiple cranial nerve involvement in children with PTCD can result in bilateral facial palsies, hearing loss, bilateral trigeminal nerve dysfunction, oculomotor apraxia, feeding difficulties and impaired swallowing, horizontal gaze palsy, seizures, hypotonia, and undeveloped speech (Macferran et al., 2010) . Cranial nerve involvement and trigeminal nerve dysfunction may culminate in a decreased pain response, leading to self-mutilation and facial excoriation. Rudaks et al. (2012) reported a child who rubbed her eyes repetitively and subsequently developed ulceration and corneal opacity, resulting in decreased visual acuity. During the course of treatment over several months, our patient developed corneal opacity of the left eye due to a corneal abrasion, for which she was treated by an ophthalmologist.
It is believed that our patient's ophthalmologic findings were also secondary to a decreased pain response. Corneal injuries are reported in 27% children with congenital insensitivity to pain and anhidrosis (Karimi and Fallah, 2012) . Routine ophthalmologic examinations are necessary to expeditiously diagnose injury and prevent decline in vision. There are no documented cases of facial trauma in this patient population in the literature.
There is a wide range of cognitive development, with some children being severely cognitively delayed to normal cognition with partial speech (Jovanovic et al., 2015) . Efforts to improve quality of life and development are demonstrated by a report published by Bacciu et al. (2010) , where the authors performed cochlear implantation in a patient with bilateral sensorineural hearing loss to promote and improve speech development.
Children with PTCD have been followed into adolescence, but long-term prognosis is variable. Extracranial conditions in children with PTCD, such as congenital heart disease, kidney abnormalities, and inguinal hernias have been reported (Rudaks et al., 2012; Jovanovic et al., 2015) . Another report documents a child with oculoauriculovertebral spectrum (OAVS) in addition to PTCD, suggesting a possible overlap of disease processes. The child with OAVS is reported to have absence of the 12th pair of ribs and the 5th lumbar vertebrae (Chong et al., 2015) . This is the only reported case in the literature formally documenting a patient with both disease processes. One other report describes 2 children with Goldenhar syndrome and abnormalities of the pons, possibly supporting an underlying connection of the 2 conditions (Pane et al., 2004) . There have been reported deaths of patients with PTCD secondary to recurrent infections (Macferran et al., 2010) .
There are several key factors that contribute to challenges in facial surgery in this patient population. The first, and possibly the most critical, is decreased sensation to the facial area, which prevents the patient from healing the surgical incision or recent wound adequately because they are unable to experience pain and continue to traumatize the injury, potentially worsening the condition.
Another risk factor, more specifically for wound healing around the mouth, is difficulty swallowing and increased secretions. This combination can make the incision wet and more susceptible to breakdown with repetitive biting as exhibited by our patient. Repetitive suctioning and a trial with glycopyrrolate, typical treatment for patients with excessive secretion, was performed but both had limited effects on the amount of secretion made. The preoperative creation of an oral stent by the team prosthodontist was an attempt to preemptively prevent biting on the repair; however, concerns about airway management and aspiration by the PICU team precluded its use. For these reasons, treatment with maxillomandibular fixation (MMF) was not considered as fixation would increase the patient's risk for aspiration.
Ultimately, the involvement of the pediatric dental team was crucial because only extraction of the patient's primary teeth in this region prevented further breakdown. Tooth extraction is described as an effective management technique for other pediatric conditions exhibiting self-injurious behaviors and biting, such as Lesch-Nyhan syndrome (Nyhan et al., 2014) . Additionally, patients with congenital insensitivity to pain who exhibit severe, self-inflicted soft tissue injury benefit from extraction of the teeth (Butler et al., 2006; Neves et al., 2009) . This was found to be the most appropriate treatment and was repeated until the patient was old enough to change their behavior (Butler et al., 2006) or until all teeth were extracted (Neves et al., 2009 ). For patients with PTCD, there is no role for prophylactic tooth extraction, and treatment is approached on an individual basis. Intraoral appliances, such as mouth guards and protective plates, for patients of this age could not be utilized (Butler et al., 2006; Neves et al., 2009) .
Although repeat exposure to general anesthesia is not ideal, especially in children with neurodevelopment delay, it was felt to be warranted in this case to attempt closure of a complex lip wound and restore the patient's anatomy while facing challenging behavioral circumstances. The decision to proceed with conservative management after surgical failure was, in part, made with the intent to avoid further anesthesia during a time of critical brain growth.
The other possible risk factor for decreased wound healing, despite the patient's age, is hearing loss and the inability to follow simple commands such as "no," "don't bite," or "don't touch." It is also important to recognize that repeat procedures within the same time frame should be avoided because there is an underlying anatomic process that is preventing successful repair. Caution and careful planning is important to prevent further injury or worsening of the condition. In our patient, a multidisciplinary approach was carried out and a decision was made to allow healing by secondary intention while the patient continued to grow and develop with hopes of future revision at a more optimal time.
Pediatric patients with complex conditions, such as PTCD, require support, throughout the treatment process, especially because behavioral changes in this patient population can be difficult and the need for multiple physician appointments. McKay et al. in 2016 reported that patients with another complex disease process, Moebius syndrome, also benefit from expert multidisciplinary care. Neves et al. in 2009 reported that dentists be included in the multidisciplinary approach for treatment of children with congenital insensitivity to pain. To help decrease patient and family anxiety during the postoperative recovery period, our patient was met by our team coordinator, a child life specialist and chaplain, on a regular basis. Furthermore, physical therapy, occupational therapy, speech therapy, and nutritional services were involved. Our patient is currently ambulating with the help of a walker as a result of these sustained efforts. The patient and her family had their postoperative and discharge appointments with multiple craniofacial team members coordinated to facilitate travel and scheduling. A multidisciplinary approach to optimize the surgical setting and strive for success while balancing the risk of further complications is beneficial for patients with PTCD.
